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marker enzymesAbstract The present study was undertaken to investigate pretreatment efﬁcacy of cinnamon (Cin-
namomum zeylanicum) on blood glucose level as well as oxidative changes at the liver level.
Following acute restraint stress, the experimental animals (n= 6) were randomly assigned into
four groups, i.e., non-stressed control, stress control and treatment groups (cinnamon decoction
10%, 3 and 6 ml/kg, p.o, for 7 days). Anti-stress effect of cinnamon was studied by estimation of
blood glucose level, liver marker enzymes; aspartate amino transferase (AST), alanine aminotrans-
ferase (ALT), alkaline phosphatase (ALP) and lactate dehydrogenase, liver reduced glutathione
(GSH) and liver antioxidant enzymes; super oxide dismutase (SOD), glutathione-S-transferase
(GST), catalase (CAT) and glutathione reductase (GR). Acute restraint stress was evidenced by
reduction of blood glucose level and liver GSH and elevation of liver marker enzymes in serum.
In addition, antioxidant enzymes were drastically inhibited in liver homogenate of stress control
rats. Pre-treatment with cinnamon decoction 10%, (3 ml/kg and 6 ml/kg, p.o, for 7 days) avoided
the changes observed in stress control rats. This study substantiates that cinnamon is effective in
minimizing stress responses thereby beneﬁcial in stress therapy.
ª 2013 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Stress is a state of disturbed homeostasis due to internal and
external sources like physical or psychological stimuli known
as stressors (Zaﬁr and Banu, 2009). Stress results free radical
generations and subsequent oxidative damage (Al-rejaie et al.,
2012). Oxidative stress has been described as a key factor asso-
ciated with diabetes (Bloch-Damti and Bashan, 2005; Rousselet al., 2009), cardiovascular diseases (Furukawa et al., 2004;
Govindarajan et al., 2005) and inﬂammations (Ferroni et al.,
2004). Animal immobilization or restraint stress is known to
be an applicable, easy and convenient model to induce both psy-
chological and physical stress (Romanova et al., 1994).
In addition, oxidative stress has been mainly implicated in
hepatic and neuropathologic disorders; stress can induce acute
and lethal injury due to free radical attacks in hepatic and
brain tissues (Middleton et al., 2000) and interfere with biolog-
ical insulin activities (Roussel et al., 2009). The leading causes
of oxidative stress have been identiﬁed as hyperglycemia, insu-
lin resistance related (Roussel et al., 2009).
Medicinal plants are considered as enriched source of nat-
ural and biological active compounds. Cinnamon, a natural
product with long history of safety, is rich in polyphenolic
S412 M. Khataibehcomponents that have been shown to improve the antioxidant
activities (Shobana and Naidu, 2000). Cinnamon bark is com-
monly used in Arabian countries as a spice for most foods. In
Eastern and Western folk medicine, it is used for treating
abdominal and chest pains, chronic diarrhea, hypertension,
kidney disorders and rheumatism (Hafez, 2010). Intake of
three to six grams of cinnamon bark reduces serum glucose
in people with type 2 diabetes (Khan et al., 2003). Cinnamon
extracts have also shown hepatoprotective and an antioxidant
effect in CCL4 intoxicated rats (Moselhy and Ali, 2004).
Many plant extracts and plant products have been shown
to have signiﬁcant antioxidant activities (Habig et al., 1974),
but the role of antioxidant plant products in modulating bio-
chemical changes in restraint stress has not been investigated.
2. Materials and methods
2.1. Materials
Dried cinnamon barks were purchased from a commercial
source (Soog Al-hab) at Irbid, Jordan. The barks were washed
in distilled water, dried and ground to ﬁne powder. To prepare
10% decoction, 10 g of cinnamon was suspended in 100 ml
water and boiled in ceramic pot with a sung ﬁtting lid for half
an hour. Decoction was cooled at room temperature, ﬁltered,
poured into a clean bottle and then stored in a refrigerator
for further use (Kreydiyyeh et al., 2000).
2.2. Methods
2.2.1. Animals
Swiss albino rats weighing 125–150 g were housed under stan-
dard laboratory conditions of temperature (25 ± 2 C) and
natural 12 h light/dark cycle with free access to standard pellet
chow (Grains silos and ﬂour mills organozation, Riyad, Saudi
Arabia) and drinking water ad labium. Animals were housed in
Experimental Animal Care Centre (College of Pharmacy, Sal-
man Bin Abdulaziz University, Al-kharj, Saudi Arabia).
2.2.2. Experimental protocol
The animals were randomly divided into four groups each con-
sisting of six rats:
Group I (Non stress control): distilled water (3 ml/kg, p.o)
for 7 days.
Group II (Stress control): distilled water (3 ml/kg, p.o) for
7 days prior to stress.
Group III: Cinnamon decoction 10% (3 ml/kg, p.o) for
7 days prior to stress.
Group IV: Cinnamon decoction 10% (6 ml/kg, p.o) for
7 days prior to stress.
All medications were administered to rats orally (p.o) using
a metal tube for gavage for 7 days. The last dose was adminis-
tered 120 min prior to acute restraint stress induction ARS.
The rats from ARS and ARS+ cinnamon treated groups were
immobilized in individual restraint boxes for 12 h.
2.2.3. Collection of serum and preparation of tissue homogenates
At the end of the experimental work, all animals were
sacriﬁced under light ether anesthesia. Blood samples werecollected by cardiac puncture into centrifuge tubes and left
to clot for 10 min at room temperature. The tubes were centri-
fuged at 3000 rpm for 15 min and the sera were separated,
stored frozen and used for the estimation of blood levels of
glucose and liver marker enzymes. The animals were dissected
and their livers were excised, weighed and transferred ice-
cooled test tubes and homogenized in 10 volume of 100 mM
KH2PO4 buffer containing 1 mM EDTA (pH 7.4) centrifuged
at 10,000 rpm for 15 min at4 C. The liver homogenates were
used for determination of the activities of liver antioxidant en-
zymes (SOD, GST, CAT and GR).
2.3. Biochemical investigations
2.3.1. Antioxidant investigations
Liver homogenates were used for the estimation of the follow-
ing antioxidant enzymes.
2.3.1.1. Estimation of SOD activity. SODactivitywas assayed by
monitoring the inhibition of auto-oxidation of pyrogallol (0.0 M
Tris succinate buffer, pH 8.2) at 420 nm. One enzyme unit was de-
ﬁned as the amount of enzyme required to cause 50% inhibition of
the rate of pyrogallol auto-oxidation (Habig et al., 1974).
2.3.1.2. Estimation of GST activity. GST activity was measured
in 0.2 M phosphate buffer (pH 6.5) after adding 1 mM 1-chol-
ro 2,4 dinitrobenzene (CDNB) and 1 mM GSH in the reaction
mixture and following the increase of absorbance 340 nm due
to the formation of the CDNB–GSH conjugate. One unite of
enzyme activity was measured as the amount of enzyme cata-
lyzing the formation of 1 mM product per minute under assay
conditions (Habig et al., 1974).
2.3.1.3. Estimation of CAT activity. CAT activity was assayed
in 0.05 M phosphate buffer (pH 7.0) by following the decrease
in absorption at 240 nm due to decomposition of 30 mM
hydrogen peroxide (H2O2). One enzyme unite was deﬁned as
the amount of enzymes decomposing 1 mM H2O2 per minute
at 25 C (Jurgen and Furthmayr, 1987).
2.3.1.4. Estimation of GR activity. GR activity was measured
by monitoring the oxidation of 0.1 mM NADPH as a decrease
in absorbance at 340 nm due to NADPH-dependent reduction
of 0.1 mM oxidized glutathione disulphide to glutathione by
the catalytic action of GR (0.1 M phosphate buffer, pH 7.6).
One enzyme unite was deﬁned as the amount of enzymes cat-
alyzing the oxidation of 1 mM NADPH per minute assay con-
ditions (Carlberg and Mannervik, 1975).
2.3.1.5. Estimation of GSH. Non-enzymatic antioxidant of
GSH concentration was determined in liver homogenates
using the classical thiol reagent 1,2-dithiobis-2-nitrobenzoic
acid (DTNB) in 0.1 M phosphate buffer (pH 7.4). The yellow
color developed by the reaction of DTNB with GSH was re-
corded at 412 nm (Jollow et al., 1974).
2.3.2. Glucose estimation
Estimation of glucose in serum was performed using a speciﬁc
commercial kit of Bio Meriuex which was purchased from local
chemical company, Riyad, Saudi Arabia. The assay principle is
based on oxidation of aldehyde group of glucose by glucose
Table 1 Effect of Seven days pretreatment with cinnamon decoction in acute restraint stress (12 h immobilization of single time) on
serum glucose level and liver GSH content.
Group Dose (ml/kg) Serum glucose (mg/dl) Liver GSH (nmole/mg protein)
Non stress control 00 116.14 ± 8.19 149.30 ± 6.96
Stress control 00 65.34 ± 4.08* 112.84 ± 4.79*
Cinnamon extract+stress 3.0 90.76 ± 6.26# 129.33 ± 7.08#
6.0 98.09 ± 6.36# 140.19 ± 7.45#
Values shown are the group mean ± S.E.M. (n= 6).
* p< 0.05 as compare to non stress control.
# p< 0.05 as compared to stress control.
Table 2 Effect of Seven days pretreatment with cinnamon decoction in acute restraint stress (12 h immobilization of single time) on
the activities of serum AST, ALT, ALP and LDH.
Group Dose (ml/kg) AST (U/I) ALT (U/I) ALP (U/I) LDH (U/I)
Non stress control 00 123.02 ± 9.93 97.35 ± 10.04 146.54 ± 11.68 44.16 ± 3.25
Stress control 00 197.60 ± 13.21* 216.46 ± 14.19* 212.41 ± 14.98* 122.12 ± 10.28*
Cinnamon extract+stress 3.0 142.09 ± 11.58# 134.45 ± 10.60# 179.85 ± 13.44# 74.67 ± 5.46#
6.0 137.20 ± 11.09# 112.39 ± 8.28# 158.55 ± 11.19# 56.48 ± 3.98#
Values shown are the group mean ± S.E.M. (n= 6).
* p< 0.05 as compare to non stress control.
# p< 0.05 as compared to stress control.
Table 3 Effect of Seven days pretreatment with cinnamon decoction in stress (12 h immobilization of single time) on liver antioxidant
enzyme activities of SOD, GST, CAT and GR.
Group Dose (ml/kg) SOD U/mg protein GST U/mg protein CAT U/mg protein GR U/mg protein
Non stress control 00 140.40 ± 11.43 82.06 ± 6.03 12.28 ± 1.04 1.71 ± 0.14
Stress control 00 101.23 ± 9.02* 50.84 ± 3.93* 8.33 ± 0.67* 0.84 ± 0.07*
Cinnamon extract+stress 3.0 112.06 ± 9.44# 57.41 ± 5.23# 9.98 ± 0.73# 1.29 ± 0.09#
6.0 120.90 ± 10.11# 68.42 ± 5.16# 11.13 ± 0.91# 1.43 ± 0.11#
Values shown are the group mean ± S.E.M. (n= 6).
* p< 0.05 as compare to non stress control.
# p< 0.05 as compared to stress control.
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presence of peroxidase, hydrogen peroxide is coupled with phe-
nol and 4-aminoantipyrine to form colourd quinoneimine dye,
measured at 505 nm, intensity of colour directly proportional
to glucose concentration in the sample. 0.02 ml of serum was
mixed with the reagent, incubated at 37 C for 10 min. Absor-
bance was measured at 505 nm against a reagent blank.
2.3.3. Serum enzymes assessment
Serum analysis of marker enzymes, such as the activities of
AST, ALT, ALP and LDH using AMP diagnostic kits was
performed.
2.4. Statistical analysis
The values are expressed as mean ± standard error of six
observation in each group. All groups were subjected to one-
way analysis of variance (ANOVA), which was followed by
Dunnett’s comparison test determine the intergroup variability
by using SPSS vs. 14.0. A comparison was made with the stress
control group. We took a p-value of p< 0.05 as our desired
level of signiﬁcance.3. Results
Rats exposed to acute restraint stress showed a signiﬁcant de-
crease in both liver GSH and serum glucose concentrations
(p< 0.05) as compared to non stress control rats. These al-
tered values were reverted signiﬁcantly toward normal control
values (p< 0.05) in groups, treated with cinnamon decoction
10%, 3 and 6 ml/kg body weight as compared to restraint
stress control animals (Table 1).
A signiﬁcant increase (p< 0.05) in the activities of liver en-
zymes; AST, ALT, ALP and LDH in group II (restraint stress
controlled rats, in comparison to non stress control group).
Administration of cinnamon decoction (3 and 6 ml/kg body
weight), signiﬁcantly reduced in the activities of AST, ALT,
ALP and LDH as compared to restraint stressed rats (Table 2).
The results shown in Table 3 elicited a signiﬁcant decrease
(p< 0.05) in the activities of the antioxidant enzymes; SOD,
GST, CAT and GR in restraint stress treated rats as compared
to control. Administration of cinnamon decoction minimized
the alteration showed in the activities of SOD, GST, CAT
and GR and brought it back toward control values
(p< 0.05) as compared to restraint stress control rats. The
S414 M. Khataibehreadings in group received 6 ml/kg body weight of cinnamon
decoction were closer to control values as compared to those
received 3 ml/kg.4. Discussion
Exposure to stress is known to alter the prooxidant–antioxi-
dant balance, which might lead to the development of various
human pathological states. The restraint stress model has been
shown to produce robust increases in basal oxidative stress
(Zaﬁr and Banu, 2009). In the present investigation, induction
of restraint stress to rats was shown to cause oxidative stress in
liver which was associated with signiﬁcantly lowered activities
of antioxidant enzymes; SOD, GST, CAT and GR. In addition
restraint stress induction developed signiﬁcant hepatic damage
explained by a signiﬁcant increase in the activities of liver en-
zymes; AST, ALT, ALP and LDH which indicates a liver dam-
age and loss of functional integrity (Kreydiyyeh et al., 2000).
Similarly, beside GSH, glucose is among the major circulat-
ing non-enzymatic antioxidant molecules in circulation and a
scavenger of hydroxyl radicals (Halliwell and Gutteridge,
1990). Therefore, a signiﬁcant decline in serum glucose in re-
sponse to restraint stress treatment demonstrates a direct vul-
nerability to extensive damage by hydroxyl radicals which are
the most aggressive member of ROS family (Zaﬁr and Banu,
2009). Present ﬁndings has not only further conformed this,
but also demonstrated that the effect of administration of cin-
namon bark decoction in reverting related biochemical
changes toward normal control values as compared to that in-
duced by a psychological stressor (restraint stress). This may
demonstrate a protective role of cinnamon bark infusion in
modulates the oxidative route of damage induced by restraint
stress and further inclusion of water soluble cinnamon com-
pounds in the diet could modulate stress and consequently
be a possible nutritional approach in reducing the risk of both
oxidative stress and risk factors associated with various human
diseases (Roussel et al., 2009).References
Al-rejaie, S., Abuohashish, H., Ah, ad, M., Alroujayee, A., Alkham-
ees, O., 2012. Immobilization stress-induced oxidative damage and
its amelioration with green and black teas. Afr. J. Pharm.
Pharmacol. 6 (8), 538–545.
Bloch-Damti, A., Bashan, N., 2005. Proposed mechanisms for the
induction of insulin resistance by oxidative stress. Antioxid. Redox.
Signal, 1553–1567.Carlberg, I., Mannervik, B., 1975. Puriﬁcation and characterization of
the ﬂavoenzyme glutathione reductase from rat liver. J. Biol. Chem.
250, 5475–5480.
Ferroni, P., Basili, S., Falco, A., David, G., 2004. Inﬂammation,
insulin resistance and obesity. Curr. Atheroseler. Rep. 4, 424–431.
Furukawa, S., Fujita, T., Shimabukuro, M., Yamada, Y., Nakajima,
Y., Nakayama, O., Makishima, M., Matsuda, M., Shimomura, I.,
2004. Increased oxidative stress in obesity and its impact on
metabolic syndrome. J. Clin. Invest. 114, 1752–1761.
Govindarajan, G., Whaley-Connell, A., Mugo, M., Stump, C., Sowers,
J.R., 2005. The cardiometaboilc syndrome as a cardiovascular risk
factor. Am. J. Med. Sci. 330, 311–318.
Habig, W., Pabst, M., Jakoby, W.B., 1974. Glutathione-S-transferase:
the ﬁrst enzymetic step in mercaturic and information. J. Biol.
Chem. 249, 7130–7139.
Hafez, A., 2010. Effect of extracts of ginger goots and cinnamon bark
on fertility of male diabetic rats. J. Am. Sci. 6 (10), 940–947.
Halliwell, B., Gutteridge, J.M.C., 1990. The antioxidants of human
extracellular ﬂuids. Arch. Biochem. Biophys. 280, 1–8.
Jollow, D.T., Mitchel, J.R., Zampaglione, N., Gillete, J.R., 1974.
Bromobenzene induced liver necrosis: protective role of glutathione
and evidence for 3,4-bromobenzene oxide as a hepatotoxic metab-
olites. Pharmacology 11, 151–169.
Jurgen, E., Furthmayr, H., 1987. Electron microscopy and other
physical methods for the characterization of extracellular matrix
components: liaminin, ﬁbronectin, collage IV. Method Enzymol.
145, 3–78.
Khan, M.S., Safdar, M., Khan, M.M.A., Khattak, K.N., Anderson,
R.A., 2003. Cinnamon improves glucose and lipids of people with
type 2 diabetes. Diabetes Care 26, 3215–3218.
Kreydiyyeh, S.I., Usta, J., Copti, R., 2000. Effect of cinnamon, clove
and some of there constituents on the Na+–K+ ATPase activity
and alanine absorption in the rat jejunum. Food Chem. Toxicol.
38, 755–762.
Middleton Jr., E., Kandaswami, C., Theoharides, T.C., 2000. The
effects of plant ﬂavonoids on mammalian cells: implication for
inﬂammation, heat diseases and cancer. Pharmacol. Rev. 52, 673–
751.
Moselhy, S.S., Ali, H.K., 2004. Hepatoprotective effect of cinnamon
extracts against carbontetrachloride induced oxidative stress and
liver injury in rats. Biol. Res. 42, 93–98.
Romanova, T.P., Karpel, G.G., Brill, G.E., Markov, Kh.M., 1994.
Mechanism of disorders of the cerebral blood supply during stress
in spontaneously hypertensive rats. Pto. Fiziol. Eksp. Ter. 3, 5–8.
Roussel, A., Hininger, H., Benaraba, R., Ziegenfuss, T., Anderson, R.,
2009. Atioxidant effects of a Cinnamon extraction in people with
impaired fasting glucose that are overweight or obese. J. Am. Coll.
Nutr. 28, 16–21.
Shobana, S., Naidu, K.A., 2000. Antioxidant activities of selected
Indian spices. Prostag. Leukot. Essent. Fatty Acids 62, 107–110.
Zaﬁr, A., Banu, N., 2009. Induction of oxidative stress by restraint
stress and corticosterone treatment in rats. Ann. NY. Acad. Sci.
1048, 373–376.
